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Abstract

Most marine palaemonid shrimp species live in symbiosis with invertebrates of various phyla. These as-
sociations range from weak epibiosis to obligatory endosymbiosis and from restricted commensalism 
to semi-parasitism. On coral reefs, such symbiotic shrimps can contribute to the associated biodiversity 
of reef corals. Among the host taxa, mushroom corals (Cnidaria: Anthozoa: Fungiidae) are known to 
harbour various groups of symbionts, including shrimps. Some but not all of these associated species are 
host-specific. Because data on the host specificity of shrimps on mushroom corals are scarce, shrimp spe-
cies of the genus Periclimenes were collected from mushroom corals during fieldwork in Lembeh Strait, 
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1	 Introduction

The large majority of marine palaemonid 
shrimp species live in symbiosis with inver-
tebrates of various phyla. These associations 
range from weak epibiosis to obligatory endo-
symbiosis and from restricted commensalism 
to semi-parasitism, with the specialisation 
to particular hosts likely playing a role in the 
diversification of this shrimp group (Horká  
et al., 2016). These associated shrimps species 
contribute to the biodiversity of coral reefs al-
though they cannot always be found very eas-
ily (Hoeksema, 2017).

Scleractinian corals are well known as pos-
sible host species for symbiotic shrimps of 
the family Palaemonidae, both in the Carib-
bean and the Indo-Pacific. Examples are found 
among shrimp species of the genera Anapon-
tonia Bruce, 1966, Ancylocaris Schenkel, 1902, 
Ancylomenes Okuno & Bruce, 2010, Corallioca-
ris Stimpson, 1860, Ctenopontonia Bruce, 1979, 
Cuapetes Clark, 1919, Fennera Holthuis, 1951, 
Hamodactylus Holthuis, 1952, Hamopontonia 
Bruce, 1970, Harpiliopsis Borradaile, 1917, Har-
pilius Dana, 1852, Ischnopontonia Bruce, 1966, 
Izucaris Okuno, 1999, Jocaste Holthuis, 1952, 
Metapontonia Bruce, 1967, Paratypton Balss, 
1914, Periclimenes O.G. Costa, 1844, Philarius 

Holthuis, 1952, Platycaris Holthuis, 1952, Plio-
pontonia Bruce, 1973a, Pontonides Borradaile, 
1917 Tectopontonia Bruce, 1973b, Vir Holthuis, 
1952, and Yemenicaris Bruce, 1997 (Fransen, 
1989, 1997; Fransen & Holthuis, 2007; Okuno, 
2009; De Grave & Fransen, 2011; Fransen & 
Rauch, 2013; Brinkmann & Fransen, 2016; 
Horká et al., 2016; Ďuriš & Lin, 2017). Among 
the scleractinian hosts, mushroom corals 
(Scleractinia: Fungiidae) are also known to 
harbour various groups of symbionts, includ-
ing shrimps (De Grave, 1998; Hoeksema & 
Fransen, 2011; Hoeksema et al., 2012; Fransen 
& Rauch, 2013). Four of these shrimp species 
belong to the genus Periclimenes Costa, 1844 
(Palaemonidae): P. diversipes Kemp, 1922; P. go-
nioporae Bruce, 1989; P. jugalis Holthuis, 1952; 
and P. watamuae Bruce, 1976a (Hoeksema  
et al., 2012), which are all members of the  
P. diversipes species group designated by Bruce 
(1989). This group also includes some species 
observed in association with other stony corals 
(P. difficilis Bruce, 1976b; P. madreporae Bruce, 
1969; P. mahei Bruce, 1969), soft corals (P. kempi 
Bruce, 1969), or sponges (P. poriphilus Bruce, 
2010), although P. difficilis probably does not 
belong here as it has a linguiform median plate 
on the 4th thoracic sternite, which is lacking in 
other members of the group (Bruce, 2010).

North Sulawesi, Indonesia. Using molecular (COI barcoding gene) and morphological methods, three 
species of Periclimenes were identified: P. diversipes, P. watamuae and a species new to science, P. subcoral-
lum sp. nov., described herein. Their host specificity was variable, with eight, three and two fungiid host 
records, respectively. It is concluded that shrimp species of the genus Periclimenes show much overlap 
in their host choice and that particular morphological traits in the host species appear to play a more 
important role than phylogenetic affinities within the host group.
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Data on the host specificity of Periclimenes 
symbionts with regards to mushroom corals 
are scarce (Hoeksema et al., 2012). Periclimenes 
diversipes has been recorded from Ctenactis 
crassa (Dana, 1846) (Hoeksema et al., 2012) 
and Herpolitha limax (Esper, 1797) (Bruce & 
Coombes, 1995). This species however, has 
also been recorded as a symbiont of a wide 
range of other scleractinian corals (Fransen, 
1997). Periclimenes gonioporae has been re-
corded from the fungiids Ctenactis echinata 
(Pallas, 1766), Fungia fungites (Linnaeus, 1758), 
Lithophyllon repanda (Dana, 1846), and San-
dalolitha robusta (Quelch, 1886) (Hoeksema 
et al., 2012), but is also known from other scler-
actinians (Fransen, 1997). Periclimenes jugalis 
is a very rare species recorded from the mush-
room coral Heliofungia actiniformis (Quoy 
& Gaimard, 1833) (Hoeksema et al., 2012) 
but is otherwise only known from alcyona-
cean octocorals (Fransen, 1997). Periclimenes 
watamuae has been found in association 
with the fungiids Halomitra pileus (Linnaeus, 
1758), Heliofungia actiniformis, Herpolitha li-
max, and Polyphyllia talpina (Lamarck, 1801) 
(Hoeksema et al., 2012) and is further known 
as a symbiont of other Scleractinia, and also 
of Alcyonacea (De Grave, 2000).

A faunal survey for shallow-water palae-
monid shrimps associated with mushroom 
corals (Scleractinia: Fungiidae) during field-
work near Lembeh Island, NE Sulawesi, Indo-
nesia revealed three species of Periclimenes: 
P. diversipes, P. watamuae and a species new 
to science, P. subcorallum sp. nov., described 
herein (authored by Fransen & Rauch). Most 
specimens were found on the underside of 
free-living mushroom corals, including sev-
eral that constitute new host records. As the 
name, Periclimenes diversipes, indicates, the 
chelipeds of this species are morphologically 
diverse, which is in part related to sex and 
size. To a lesser extend this also counts for 
P. watamuae. Distinguishing between espe-
cially small specimens of these two species 

can be difficult because of their variability in 
cheliped shape. By sequencing cytochrome  
c oxidase I (COI) of multiple specimens with 
different sex and size from both species we 
aim to define several morphological and co-
lour characters on which the two species can 
be distinguished.

Finally, we want to examine whether the 
Periclimenes species of the present study 
and congeneric species recorded from mush-
room corals in previous studies show a host-
specific relation, and whether this relation 
reflects the host group phylogeny or particu-
lar morphological traits in the host group, 
such as attached vs. free-living mode of life 
(Hoeksema, 1989; Gittenberger et al., 2011; 
Benzoni et al., 2012) and the maximum re-
corded corallum size (Hoeksema, 1991; Gitten-
berger et al., 2011).

2	 Material and methods

2.1	 Sample collection
Specimens were collected with the help of 
SCUBA during a Marine Biodiversity Work-
shop organized in February 2012 at the Bi-
tung field station of the Research Centre of 
Oceanography (PPO-LIPI). Each shrimp was 
photographed and then captured in a plastic 
bag together with its host coral and taken to 
the lab for examination. After identification 
by the second author, the host corals were 
returned to the field. Shrimp specimens were 
photographed and preserved in 95% ethanol 
and their postorbital carapace length (pocl.) 
was measured. Data for all specimens studied 
are listed (table  1). Tissue samples from eggs 
or pleopods, were preserved in 95% ethanol 
before DNA extraction. Specimens are stored 
in the Crustacea collection of Naturalis Bio-
diversity Center (RMNH.CRUS.) Leiden, the 
Netherlands (formerly known as Rijksmuse-
um van Natuurlijke Historie) and the Muse-
um Zoologicum Bogoriense, Research Center 



4	 10.1163/18759866-20191357 | RAUCH ET AL.
Ta

bl
e 

1	
Ta

xa
 sa

m
pl

ed
 fo

r m
ol

ec
ul

ar
 a

nd
 m

or
ph

ol
og

ic
al

 a
na

ly
se

s w
ith

 re
fe

re
nc

e 
to

 c
ol

le
ct

io
n 

re
gi

st
ra

tio
n 

nu
m

be
rs

 o
f v

ou
ch

er
 sp

ec
im

en
s, 

lo
ca

tio
n 

da
ta

, h
os

t, 
an

d 
G

en
-

Ba
nk

 a
cc

es
si

on
 n

um
be

rs
. *

Se
qu

en
ce

s o
bt

ai
ne

d 
fro

m
 G

en
Ba

nk
.

Sp
ec

ie
s

Vo
uc

he
r

sp
ec

im
en

s
Lo

ca
lit

y
H

os
t

G
en

Ba
nk

  
ac

ce
ss

io
n 

N
o.

Pe
r. 

di
ve

rs
ip

es
RM

N
H

.C
RU

S.
D.

57
54

3
1m

.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.0

5
Fu

ng
iid

ae
: H

er
po

lit
ha

 li
m

ax
M

K8
43

29
2

RM
N

H
.C

RU
S.

D.
57

54
4

2f
ov

., 3
ju

v.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.0

6
Fu

ng
iid

ae
: D

an
af

un
gi

a 
sc

ru
po

sa
M

K8
43

28
5

RM
N

H
.C

RU
S.

D.
57

54
5

1f.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.0

6
Fu

ng
iid

ae
: H

el
io

fu
ng

ia
 a

ct
in

ifo
rm

is
M

K8
43

27
7

RM
N

H
.C

RU
S.

D.
57

54
6

4m
., 1

f.,
 1f

ov
., 1

ju
v.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.0
7

Fu
ng

iid
ae

: D
an

af
un

gi
a 

sc
ru

po
sa

M
K8

43
27

6
RM

N
H

.C
RU

S.
D.

57
54

7
3m

., 3
fo

v.,
 1j

uv
.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.0
7

Fu
ng

iid
ae

: L
ith

op
hy

llo
n 

re
pa

nd
a

M
K8

43
28

4
RM

N
H

.C
RU

S.
D.

57
54

8
2f

.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.0

7
Fu

ng
iid

ae
: L

ith
op

hy
llo

n 
re

pa
nd

a
M

K8
43

29
5

RM
N

H
.C

RU
S.

D.
57

54
9

7j
uv

.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.0

8
Fu

ng
iid

ae
: L

ith
op

hy
llo

n 
re

pa
nd

a
M

K8
43

28
6

RM
N

H
.C

RU
S.

D.
57

55
0

1ju
v.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.0
9

Fu
ng

iid
ae

: H
el

io
fu

ng
ia

 a
ct

in
ifo

rm
is

M
K8

43
28

7
RM

N
H

.C
RU

S.
D.

57
55

1
1m

., 1
fo

v.,
 1j

uv
.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.11
Fu

ng
iid

ae
: H

er
po

lit
ha

 li
m

ax
M

K8
43

28
2

RM
N

H
.C

RU
S.

D.
57

55
2

1fo
v.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.12
Fu

ng
iid

ae
: D

an
af

un
gi

a 
sc

ru
po

sa
M

K8
43

29
4

RM
N

H
.C

RU
S.

D.
57

55
3

1m
.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.14
Fu

ng
iid

ae
: H

er
po

lit
ha

 li
m

ax
M

K8
43

28
3

RM
N

H
.C

RU
S.

D.
57

55
4

10
m

., 3
fo

v.,
 7

ju
v.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.18
Fu

ng
iid

ae
: S

an
da

lo
lit

ha
 ro

bu
st

a
RM

N
H

.C
RU

S.
D.

57
55

5
1fo

v.,
 1j

uv
.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.19
Fu

ng
iid

ae
: F

un
gi

a 
fu

ng
ite

s
M

K8
43

29
0

RM
N

H
.C

RU
S.

D.
57

55
6

2m
., 1

fo
v.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.19
Fu

ng
iid

ae
: L

ith
op

hy
llo

n 
re

pa
nd

a
M

K8
43

27
9

RM
N

H
.C

RU
S.

D.
57

55
7

3m
., 1

ju
v.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.19
Fu

ng
iid

ae
: L

ob
ac

tis
 sc

ut
ar

ia
M

K8
43

28
8

RM
N

H
.C

RU
S.

D.
57

55
8

1fo
v.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.2
0

Fu
ng

iid
ae

: H
el

io
fu

ng
ia

 a
ct

in
ifo

rm
is

M
K8

43
27

8
RM

N
H

.C
RU

S.
D.

57
55

9
1m

., 1
f.,

 2
fo

v.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.2

0
Fu

ng
iid

ae
: D

an
af

un
gi

a 
sc

ru
po

sa
M

K8
43

28
0

RM
N

H
.C

RU
S.

D.
57

56
0

1f.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.2

1
Fu

ng
iid

ae
: C

te
na

ct
is 

cr
as

sa
M

K8
43

28
9

RM
N

H
.C

RU
S.

D.
57

56
1

2f
.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.2
1

Fu
ng

iid
ae

: C
te

na
ct

is 
cr

as
sa

M
K8

43
28

1
RM

N
H

.C
RU

S.
D.

57
56

2
6m

., 4
fo

v.,
 7

ju
v.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.2
1

Fu
ng

iid
ae

: S
an

da
lo

lit
ha

 ro
bu

st
a

RM
N

H
.C

RU
S.

D.
57

56
3

1m
., 1

f.,
 1f

ov
.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.2
7

Fu
ng

iid
ae

: D
an

af
un

gi
a 

sc
ru

po
sa

RM
N

H
.C

RU
S.

D.
57

56
4

1m
.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.3
3

Fu
ng

iid
ae

: L
ith

op
hy

llo
n 

re
pa

nd
a

M
K8

43
29

3
RM

N
H

.C
RU

S.
D.

57
56

5
1fo

v.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.3

6
Fu

ng
iid

ae
: L

ith
op

hy
llo

n 
co

nc
in

na
M

K8
43

29
1



SHRIMPS ASSOCIATED WITH MUSHROOM CORALS | 10.1163/18759866-20191357� 5

Pe
r. 

wa
ta

m
ua

e
RM

N
H

.C
RU

S.
D.

30
94

5
f. 

ho
lo

ty
pe

, m
. 

al
lo

ty
pe

Ke
ny

a,
 W

at
am

u
Al

cy
on

ar
ia

: u
ni

de
nt

ifi
ed

RM
N

H
.C

RU
S.

D.
57

56
6

1f.
, 1

ju
v.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.0
6

Fu
ng

iid
ae

: H
er

po
lit

ha
 li

m
ax

RM
N

H
.C

RU
S.

D.
57

56
7

1m
.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.12
Fu

ng
iid

ae
: D

an
af

un
gi

a 
ho

rr
id

a
RM

N
H

.C
RU

S.
D.

57
56

8
2m

., 1
fo

v.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.2

3
Fu

ng
iid

ae
: C

te
na

ct
is 

cr
as

sa
RM

N
H

.C
RU

S.
D.

57
56

9
1m

., 2
ju

v.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.2

3
Fu

ng
iid

ae
: P

le
ur

ac
tis

 g
ra

vi
s

RM
N

H
.C

RU
S.

D.
57

57
0

1fo
v.,

 2
ju

v.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.2

3
Fu

ng
iid

ae
: C

te
na

ct
is 

ec
hi

na
ta

M
K8

43
27

3
RM

N
H

.C
RU

S.
D.

57
57

1
1m

., 1
f.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.2
5

Fu
ng

iid
ae

: D
an

af
un

gi
a 

sc
ru

po
sa

RM
N

H
.C

RU
S.

D.
57

57
2

1ju
v.

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.2
6

Fu
ng

iid
ae

: H
el

io
fu

ng
ia

 a
ct

in
ifo

rm
is

RM
N

H
.C

RU
S.

D.
57

57
3

3m
., 1

fo
v.,

 3
ju

v.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.3

5
Fu

ng
iid

ae
: D

an
af

un
gi

a 
ho

rr
id

a
M

K8
43

27
4

RM
N

H
.C

RU
S.

D.
57

57
4

5m
., 1

f.,
 2

fo
v.,

 1j
uv

.
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.3

6
Fu

ng
iid

ae
: P

le
ur

ac
tis

 g
ra

vi
s

M
K8

43
27

5
Pe

r. 
su

bc
or

al
lu

m
M

ZB
 C

ru
 4

96
8

1 f
ov

 h
ol

ot
yp

e
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.2

4
Fu

ng
iid

ae
: H

el
io

fu
ng

ia
 a

ct
in

ifo
rm

is
RM

N
H

.C
RU

S.
D.

57
57

5
4f

ov
., 1

f, 
2m

. 
pa

ra
ty

pe
s

In
do

ne
si

a,
 L

em
be

h 
St

ra
it,

 L
EM

.2
8

Fu
ng

iid
ae

: H
el

io
fu

ng
ia

 a
ct

in
ifo

rm
is

M
K8

43
29

6

RM
N

H
.C

RU
S.

D.
57

57
6

1 f
ov

. p
ar

at
yp

e
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.2

8
Fu

ng
iid

ae
: H

al
om

itr
a 

pi
le

us
M

K8
43

29
8

RM
N

H
.C

RU
S.

D.
57

57
7

1 f
ov

., 1
m

. p
ar

at
yp

es
In

do
ne

si
a,

 L
em

be
h 

St
ra

it,
 L

EM
.2

8
Fu

ng
iid

ae
: H

el
io

fu
ng

ia
 a

ct
in

ifo
rm

is
M

K8
43

29
7

Pe
r. 

in
ce

rt
us

RM
N

H
.C

RU
S.

D.
53

94
6

1 s
pe

ci
m

en
M

al
ay

si
a,

 S
ab

ah
, S

EM
.4

8
Po

rif
er

a:
 g

ra
y 

en
cr

us
tin

g 
sp

on
ge

M
K8

43
28

6
Pa

l. 
po

tts
i

RM
N

H
.C

RU
S.

D.
53

93
3

1 s
pe

ci
m

en
M

al
ay

si
a,

 S
ab

ah
, S

EM
.14

Cr
in

oi
de

a:
 C

om
as

te
r s

pe
c.

JX
18

57
14

Ab
br

ev
ia

tio
ns

: m
., m

al
e;

 f.
, f

em
al

e;
 fo

v.,
 o

vi
ge

ro
us

 fe
m

al
e;

 ju
v.,

 ju
ve

ni
le

.



6	 10.1163/18759866-20191357 | RAUCH ET AL.

for Biology, Indonesian Institute of Sciences, 
Cibenong, Indonesia (MZB).

2.2	 Molecular analyses
Total genomic DNA was extracted from eggs 
or pleopods using the DNeasy Blood & Tissue 
Kit (QIAGEN, Hilden, Germany). Incubation 
lasted overnight for approximately 16 hours. 
The volume in the elution step was decreased 
to 120 μL to increase the final DNA concen-
tration. For amplifying mitochondrial cyto-
chrome c oxidase I (COI) sequences with a 
polymerase chain reaction (PCR), the univer-
sal primers LCO1490 and HCO2198 (Folmer et 
al., 1994) were used: 5’-GGTCAACAAATCATA-
AAGATATTGG-3’ and 5’-TAAACTTCAGGGT-
GACCAAAAAATCA-3’. The PCR conditions 
were as follows: 3 min. at 95°C for initial de-
naturing, followed by 39 cycles of 15 sec. at 
95°C, 30 sec. at 49°C, 40 sec. at 72°C with a 
final extension for 5 min. at 72°C. Each PCR 
consisted of 2.5 μL CoralLoad PCR buffer (10x; 
containing 15mM MgCl2) (QIAGEN), 0.5 μL 
dNTP’s (2.5 mM), 1.0 μL of each primer, 0.3 μL 
Taq DNA polymerase (5 units/μL) (QIAGEN). 
PCR reactions were performed in volumes of 
25 μL. Sequences were generated on an Auto-
matic Sequencer 3730xl at Macrogen, Amster-
dam. The obtained sequences were edited in 
Sequencher (vers. 4.10.1) and aligned with the 
aid of ClustalW Multiple alignment (vers. 1.4, 
Thompson et al., 1994) incorporated in Bioed-
it (vers. 5.09, Hall, 2001). Of 602 total aligned 
sites, 252 were variable and informative for 
maximum parsimony (MP). Sequences were 
deposited in GenBank, for which accession 
numbers were obtained (table 1).

2.3	 Data analyses
Palaemonella pottsi (Borradaile, 1915) was se-
lected as outgroup. The best-fitting model for 
sequence evolution (GTR+G) of the COI data-
set was determined by jModelTest (vers. 0.1.1., 
Posada, 2008), selected by the AIC (Akaike In-
formation Criterion), and was subsequently 

applied to the maximum likelihood (ML) 
analyses with PAUP (vers. 4.0b10, Swofford, 
2003) with 100 bootstrap reiterations. A maxi-
mum parsimony (MP) tree was constructed 
using PAUP with 2000 bootstrap reiterations of 
a simple heuristic search, TBR (tree bisection-
reconnection) branch-swapping, and 10 ran-
domly added sequence replications. Transver-
sions were weighted two times over transitions.

2.4	 Morphological analyses
In situ underwater photographs of living 
shrimps on their host were made with a Nikon 
D5 camera in a Sea & Sea housing. Drawings 
were made using a Zeiss Discovery V8 and an 
Olympus BX53 stereo microscope, both with a 
drawing tube. Drawings were mounted using 
Adobe Photoshop CS6 software.

2.5	 Host coral morphology and 
phylogeny

In order to clarify the ecological and evolu-
tionary relation between the Periclimenes 
species and their host corals, their association 
records are projected on a cladogram of the 
Fungiidae based on published phylogenetic 
analyses (Gittenberger et al., 2011; Benzoni 
et  al., 2012). In addition, the morphological 
traits attached vs. free-living mode of life and 
maximum recorded corallum size are project-
ed on a similar mushroom coral cladogram 
based on published data (Hoeksema, 1991, 
2012, 2014; Gittenberger et al., 2011).

3	 Results

3.1	 Molecular analyses
Both maximum likelihood and maximum 
parsimony analyses of COI sequences re-
vealed three well supported clades represent-
ing the species P. diversipes, P. watamuae and 
an undescribed Periclimenes species (fig.  1). 
Haplotypes of P. diversipes specimens are 
within a range of 0.034 genetic divergence 
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(table 2). There is no genetic structuring with 
regards to the different hosts in P. diversipes. 
The genetic distance between P. watamuae 
specimens from Ctenactis echinata and Dana-
fungia horrida is 0.013. Between these two and 
the one from Pleuractis gravis is 0.187. Mor-
phological differences between specimens 
from these three hosts were not found. The 
genetic distance between Periclimenes sub-
corallum sp. nov. specimens on Heliofungia 
actiniformis and Halomitra pileus is 0.022. 

Periclimenes diversipes was found associated 
with eight different species of mushroom 
coral, P. watamuae on three, and the new 
species on two species of mushroom coral  
(table 3).

3.2	 Morphological analyses
Distinguishing morphological features be-
tween P. diversipes and P. watamuae were de-
termined on the basis of specimens used in 
the molecular analyses: 1) the carpus of the 

Figure 1	 Maximum-likelihood tree using the GTR+G substitution model based on coi sequence data of  
shrimp on mushroom coral species; GenBank accession numbers and host species indicated at  
end of branches; bootstrap values <50% are not shown; bootstrap values are shown in the order  
ML/MP.
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Table 2	 JC model (Jukes & Cantor, 1969) divergence matrix for the mitochondrial COI gene of the  
Periclimenes species.

  Species GenBank # 1 2 3 4 5 6 7 8 9 10 11

1 Per.  
watamuae

MK843273 -
2 MK843274 0.013 -
3 MK843275 0.187 0.187 -
4 Per.  

diversipes
MK843276 0.227 0.230 0.223 -

5 MK843277 0.233 0.236 0.229 0.003 -
6 MK843278 0.253 0.252 0.231 0.029 0.031 -
7 MK843279 0.251 0.250 0.229 0.026 0.028 0.000 -
8 MK843280 0.251 0.252 0.238 0.034 0.036 0.012 0.010 -
9 MK843281 0.254 0.255 0.236 0.026 0.028 0.010 0.007 0.008 -
10 MK843282 0.256 0.256 0.233 0.025 0.027 0.010 0.007 0.012 0.003 -
11 MK843283 0.251 0.252 0.233 0.025 0.027 0.010 0.007 0.012 0.003 0.003 -
12 MK843284 0.253 0.254 0.236 0.024 0.026 0.008 0.005 0.010 0.002 0.002 0.002
13 MK843285 0.253 0.254 0.236 0.024 0.026 0.008 0.005 0.010 0.002 0.002 0.002
14 MK843286 0.254 0.255 0.237 0.024 0.028 0.010 0.007 0.012 0.003 0.003 0.003
15 MK843287 0.255 0.256 0.231 0.032 0.033 0.016 0.013 0.018 0.009 0.009 0.009
16 MK843288 0.256 0.256 0.233 0.020 0.026 0.012 0.008 0.012 0.005 0.005 0.005
17 MK843289 0.250 0.251 0.232 0.022 0.026 0.015 0.012 0.017 0.008 0.008 0.008
18 MK843290 0.247 0.250 0.228 0.017 0.022 0.012 0.008 0.017 0.008 0.008 0.008
19 MK843291 0.246 0.247 0.231 0.017 0.020 0.017 0.013 0.019 0.013 0.013 0.013
20 MK843292 0.244 0.245 0.229 0.020 0.021 0.015 0.012 0.013 0.008 0.008 0.008
21 MK843293 0.244 0.246 0.223 0.012 0.014 0.014 0.010 0.019 0.010 0.010 0.010
22 MK843294 0.244 0.245 0.229 0.015 0.019 0.020 0.017 0.019 0.013 0.013 0.013
23 MK843295 0.230 0.232 0.224 0.008 0.008 0.027 0.024 0.029 0.024 0.024 0.024
24 Per.  

incertus
MK843296 0.369 0.371 0.353 0.343 0.337 0.355 0.353 0.358 0.353 0.352 0.352

25 Per. 
subcorallum

MK843296 0.415 0.407 0.390 0.347 0.349 0.363 0.358 0.362 0.358 0.352 0.354
26 MK843296 0.415 0.407 0.390 0.347 0.349 0.363 0.358 0.362 0.358 0.352 0.354
27 MK843297 0.397 0.393 0.379 0.342 0.344 0.360 0.356 0.360 0.355 0.349 0.352
28 Pal. pottsi JX185714 0.230 0.310 0.290 0.296 0.298 0.323 0.321 0.323 0.321 0.318 0.318
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12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

-
0.000 -
0.002 0.002 -
0.007 0.007 0.009 -
0.003 0.003 0.005 0.011 -
0.007 0.007 0.005 0.014 0.010 -
0.007 0.007 0.008 0.014 0.007 0.007 -
0.012 0.012 0.010 0.019 0.013 0.008 0.008 -
0.007 0.007 0.008 0.014 0.008 0.007 0.007 0.005 -
0.008 0.008 0.010 0.016 0.007 0.008 0.003 0.005 0.007 -
0.012 0.012 0.014 0.019 0.007 0.012 0.008 0.013 0.008 0.008 -
0.022 0.022 0.024 0.029 0.020 0.022 0.019 0.017 0.014 0.014 0.015 -
0.350 0.350 0.346 0.351 0.350 0.344 0.352 0.347 0.348 0.346 0.348 0.340 -

0.354 0.354 0.356 0.370 0.350 0.353 0.348 0.354 0.352 0.343 0.350 0.348 0.402 -
0.354 0.354 0.356 0.370 0.350 0.353 0.348 0.354 0.352 0.343 0.349 0.348 0.402 0.000 -
0.352 0.352 0.353 0.364 0.347 0.3478 0.343 0.349 0.347 0.340 0.344 0.345 0.402 0.022 0.022 -
0.320 0.320 0.314 0.321 0.313 0.317 0.318 0.313 0.316 0.310 0.308 0.305 0.314 0.323 0.323 0.313 -
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major second pereiopod of P. diversipes (fig. 2) 
is 2–3 times as long as its distal width whereas 
it is as long as its distal width in P. watamuae 
(fig. 3); 2) the carpus of the minor second pe-
reiopod of P. diversipes (fig.  4) is 3–4 times 
as long as its distal width whereas it is 1.5–2 
times as long as its distal width in P. watamuae 
(fig. 5).

3.3	 Colour
On the basis of molecular analyses, colour 
differences between P. diversipes and P. 
watamuae were determined. Periclimenes 
diversipes has oblong oblique red spots on 
carapace and abdomen and faint transverse 
white bands on the abdominal segments 
(fig.  6) whereas P. watamuae has longitudi-
nal red lines over carapace and abdomen, a  
more distinct transverse white band on the 

posterior part of the carapace, dorsolateral 
white spots on both sides on the second ab-
dominal segment, and a clear transverse 
white band at the level of the fourth abdomi-
nal segment (fig. 7A, B).

3.4	 Host range
With the use of the distinguishing features 
on the second chelipeds, a larger collection 
of symbiotic shrimps from mushroom corals 
could be identified (table 1). Based on earlier 
records and the present results, P. diversipes 
was found associated with nine mushroom 
coral species, all of which except one repre-
sent new host records (table  3): Danafungia 
scruposa (Klunzinger, 1879), Fungia fung-
ites, Halomitra pileus, Heliofungia actinifor-
mis, Herpolitha limax, Lithophyllon concinna 
(Verrill, 1864), L. repanda, Lobactis scutaria 

Table 3	 Previous (p) and new (n) records of mushroom corals (Fungiidae) acting as host for Periclimenes 
shrimps according to Hoeksema et al. (2012) and the present results.

P. diversipes P. goniopora P. jugalis P. watamuae P. subcorallum  
sp. nov.

Ctenactis crassa p - - n -

Ctenactis echinata - p - n -

Danafungia horrida - - - n -

Danafungia scruposa n - - n -

Fungia fungites n p - - -

Halomitra pileus n - - p, n n

Heliofungia actiniformis p, n - p p, n n

Herpolitha limax n - - p, n -

Lithophyllon concinna n - - - -

Lithophyllon repanda n p - - -

Lobactis scutaria n - - - -

Pleuractis gravis - - - n -

Polyphyllia talpina - - - p -

Sandalolitha robusta n p - - -
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Figure 2	 Periclimenes diversipes Kemp, 1922, major second pereiopod. A, ovigerous female pocl. 1.63 mm, left 
P2, RMNH.CRUS.D.57551, GenBank MK843282; B, ovigerous female pocl. 1.25 mm, right P2, RMNH.
CRUS.D.57547, GenBank MK843284; C, female pocl. 1.25 mm, left P2, RMNH.CRUS.D.57548, GenBank 
MK843295; D, male, pocl 1.38 mm, right P2, RMNH.CRUS.57553, GenBank MK843283.  
Scale bar = 0.4 mm.
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Figure 3	 Periclimenes diversipes Kemp, 1922, minor second pereiopod. A, male, pocl 1.38 mm, left P2, 
RMNH.CRUS.D.57553, GenBank MK843283; B, ovigerous female pocl. 1.25 mm, left P2, RMNH.
CRUS.D.57547, GenBank MK843284; C, idem, lateral aspect chela; D, female pocl. 1.25 mm, right P2, 
RMNH.CRUS.D.57548, GenBank MK843295; E, ovigerous female pocl. 1.63 mm, right P2, RMNH.
CRUS.D.57551, GenBank MK843282. Scale bar = 0.4 mm.
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(Lamarck, 1801), and Sandalolitha robusta. 
Periclimenes watamuae was found associated 
with seven mushroom coral species of which 
five constitute new host records (table  3): 
Ctenactis crassa, C. echinata, Danafungia hor-
rida (Dana, 1846), D. scruposa, Heliofungia 
actiniformis, Herpolitha limax, and Pleuractis 
gravis (Nemenzo, 1955). The new Periclimenes 
species was found on Halomitra pileus and 
Heliofungia actiniformis (table 3).

The closely related P. diversipes and P. 
watamuae are both associated with a wide 
range of mushroom corals, consisting of 
ten and nine species, respectively (table  3). 

They have three mushroom coral species in 
common that act as hosts. However, no genet-
ic structuring within this shrimp species with 
regards to host choice could be detected.

The mushroom coral cladogram (fig.  8) 
shows that none of the Periclimenes spe-
cies has ever been recorded from an at-
tached mushroom coral species (A = at-
tached) and from species with a maximum 
recorded size < 15 cm (S = small). Coral spe-
cies of the genus Cycloseris fit in these cat-
egories and are therefore not recorded as 
hosts. The host species can be found among  
free-living, coral species with a maximum  

Figure 4	 Periclimenes watamuae Bruce, 1976a, major second pereiopod. A, male, pocl 1.00 mm, right P2, RMNH.
CRUS.D.57574, LEM.36; B, ovigerous female, pocl 1.45 mm, left P2, RMNH.CRUS.D.57574, LEM.36;  
C, ovigerous female, pocl. 1.40 mm, left P2, RMNH.CRUS.D.57574, GenBank MK843275.  
Scale bar = 0.4 mm.
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diameter > 15 cm, which together do not form 
a monophyletic group within the Fungiidae  
(fig. 8).

3.5	 Systematic account
Family Palaemonidae Rafinesque, 1815

Genus Periclimenes O.G. Costa, 1844
Periclimenes subcorallum Fransen & Rauch, 
sp. nov.

(Figs. 9–13)

http://zoobank.org/urn:lsid:zoobank.org: 
act: 5129C847-F357-4363-B5A8-96869C3FD144

Material examined. Indonesia, NE Su-
lawesi, Lembeh Strait. Ovigerous female 
holotype (pocl. 1.50mm) MZB Cru 4968; 4 
ovigerous female paratypes (pocl. 1.45–1.78 
mm, 1 non-ovigerous female (pocl. 1.38 mm), 
2 males (pocl. 1.35 and 1.40 mm) RMNH.
CRUS.D.57575: stn LEM.24, Tanjung Pan-
dea, 1°23’ 52”N 125°09’58”E, 11.ii.2012, depth 

Figure 5	 Periclimenes watamuae Bruce, 1976a, minor second pereiopod. A. male, 1.00 mm, left P2,  
RMNH.CRUS.D.57574, LEM.36; B, ovigerous female, pocl 1.45 mm, right P2, RMNH.CRUS.D.57574, 
LEM.36; C, ovigerous female, pocl. 1.40 mm, right P2, RMNH.CRUS.D.57574, GenBank MK843275. 
Scale bar = 0.4 mm.
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Figure 6	 Periclimenes diversipes Kemp, 1922, ovigerous female. A, stn LEM.07, on Danafungia scruposa; B, stn 
LEM.07, on Lithophyllon repanda; C, stn LEM.18, on Sandalolitha robusta.
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7 m, on Heliofungia actiniformis, coll. Cessa 
Rauch. — 1 ovigerous female (pocl. 1.25 mm) 
and 1 male (pocl. 1.18 mm) paratypes, RMNH.
CRUS.D.57577: stn LEM.28, Desa Pandean, 
1°24’21”N 125°10’52”E, 14.ii.2012, depth 13.2 m, on 
Heliofungia actiniformis, coll. Cessa Rauch. —  
1 ovigerous female (pocl. 1.63 mm) paratype, 

RMNH.CRUS.D.57576: stn LEM.28, Desa Pan-
dean, 1°24’21”N 125°10’52”E, 14.ii.2012, depth 20 
m, on Halomitra pileus, coll. C.H.J.M. Fransen.

Comparative material examined. Peri-
climenes incertus Borradaile, 1915 (figs. 8C, D, 
14–16). Malaysia, Sabah, Semporna. 27 oviger-
ous females, 2 non-ovigerous females, 15 males 

Figure 7	 A–B, Periclimenes watamuae Bruce, 1976a, ovigerous female; C–D, Periclimenes incertus Borradaile, 
1915. A, stn LEM.26, on Lobactis scutaria; B, stn TER.16, on Polyphyllia talpina; C–D, stn SEM.48, on 
sponge: C, ovigerous female; D, male.
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Figure 8	 Mushroom coral cladogram based on published phylogenetic analyses (Gittenberger et al., 2011; Ben-
zoni et al., 2012). The host relations of five Periclimenes species (table 3) are projected on the phylogeny 
reconstruction as well as the morphological traits “attached vs. free-living mode of life” (A = attached /  
F = free-living) and maximum recorded corallum size (Hoeksema, 1991, 2012a, 2014; Gittenberger et al.,  
2011) with size categories (S = small, < 15 cm; M = medium, ≥15 cm and < 25 cm; L = large, ≥25 cm). 
P. div = Periclimenes diversipes, P. gon = Periclimenes gonioporae, P. jug = Periclimenes jugalis, P. wat = 
Periclimenes watamuae, P. sub = Periclimenes subcorallum sp. nov.
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and 6 juveniles (pocl. 1.00–2.08 mm), RMNH.
CRUS.D.53946: stn SEM.48, Timbun Mata Isl., 
04037’59.6”N 118035’21.6”E, 15.xii.2010, depth 22 
m, on grey encrusting sponge, coll. C.H.J.M. 
Fransen.

Description. Small-sized, rather slender 
palaemonid shrimp, with slender pereiopods 
(fig. 9).

Carapace smooth. Rostrum (fig. 10A, B) well 
developed, reaching halfway distal segment 
of antennular peduncle; lamina deep, lateral 
carina indistinct, situated near to proximally 
slightly convex ventral margin with 1 sub-
distal tooth; convex posterior part of ventral 
margin with double row of plumose setae; 
dorsal margin convex, elevated, strongly com-
pressed, with 6 subequal teeth, posteriormost 
situated at level of posterior margin of orbit; 
2–3 plumose setae just in front of each dorsal 
teeth. Supra-orbital spines absent. Inferior or-
bital angle well developed, produced, angular 
in lateral view. Antennal spine of moderate 
size, marginal, situated below inferior orbital 
angle. Hepatic spine about as large as anten-
nal spine, situated well behind level of poste-
rior orbital margin and slightly below level of 

antennal spine. Antero-lateral angle of cara-
pace blunt, not produced.

Abdominal segments (fig.  9) smooth. 
Third segment not produced posterodorsally. 
Pleura all broadly rounded. Sixth abdominal 
segment 2.3 times as long as fifth (relatively 
longer in smaller specimens), posteroventral 
angle feebly produced, rounded, posterolat-
eral angle acute.

Telson (fig.  14A) 0.1 times as long as sixth 
abdominal segment and 3.0 times longer 
than anterior width; lateral margins converge 
posteriorly; two pairs of submarginal dor-
sal spines present at 0.59 and 0.82 of telson 
length, posterior margin (fig.  14B) rounded, 
0.36 of anterior width, with three pairs of 
spines. Lateral spines short, as long as dorsal 
spines. Intermediate spines well developed, 
about 0.22 of telson length, 2.2 times length of 
submedian spines.

Eyes (fig.  10A, B) well developed. Cornea 
globular, with distinct accessory pigment spot 
posterodorsally. Eyestalks almost twice as long 
as proximal width, slightly swollen proximally.

Antennular peduncle (fig.  10A, B) exceed-
ing tip of rostrum by half of distal segment. 

Figure 9	 Periclimenes subcorallum sp. nov., ovigerous female holotype (pocl. 1.50 mm), MZB CRU 4968.  
Habitus. Scale = 2 mm.
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Proximal segment long, slender, 2.5 times 
longer than wide; stylocerite slender, acute, 
reaching almost to middle of segment; lat-
eral margin straight, anterolateral margin 
produced, rounded, with distolateral tooth 
and row of setae; ventral margin with small 
submedian tooth at about 0.4 of length of 
segment. Statocyst containing granular stato-
lith. Intermediate and distal segments short, 
together equal to 0.48 of proximal segment 
length. Upper flagellum biramous, with the 
first 5–7 segments fused; short ramus with 3 
segments; aesthetascs present on short free 
ramus only. Longer free ramus long and slen-
der, with about 25 segments. Lower flagellum 
very long and slender, almost twice as long as 
longer free ramus of upper flagellum.

Antennal basicerite (fig.  10B) with strong 
lateral tooth. Ischiocerite and merocerite nor-
mal. Carpocerite slender, reaching 0.4 of length 
of scaphocerite. Scaphocerite long, rather 
slender, with lamella distinctly overreach-
ing distal margin of antennular peduncle.  
Lateral border straight, ending in acute large 
distolateral tooth. Lamella extending beyond 
distolateral tooth, feebly angulated distome-
dially, about 3.5 times longer than broad, with 
greatest width at about one half of its length.

Epistome, labrum and paragnath without 
special features.

Second thoracic sternite (fig.  10G) formed 
into broad triangular medially rounded pro-
cess between second maxillipeds.

Third thoracic sternite unarmed (fig. 10G).
Fourth thoracic sternite with broad medial 

triangular plate with median notch postero-
medial of first pereiopods (fig. 10G).

Fifth thoracic sternite with shallow lateral 
plates posteromedial of second pereiopods.

Sixth to eighth thoracic sternites broad, 
unarmed.

Mandible (fig.  10C) with cylindrical molar 
process with blunt teeth on strong chewing 
surface, with 2 short bands of few setae sub-
distally. Incisor process slender, with 3 well 

developed teeth distally, of which later almost 
slightly enlarged. Mandible without palp.
Maxillula (fig.  10D) with upper lacinia rect-
angular with rows of few serrulate spines and 
slender setae medially; lower lacinia slender, 
with few serrulate setae distally; palp bilobed, 
medial lobe with single short recurved simple 
seta.

Maxilla (fig.  10E) with short tapering palp 
with few plumose setae laterally. Basal en-
dite bilobed, distal lobe slightly broader than 
proximal lobe, both lobes with row of about 
10 minutely serrate setae medially. Coxal en-
dite obsolete, median margin convex, without  
setae. Scaphognathite normal, widest cen-
trally, about 2.9 times longer than broad, with 
marginal plumose setae.

First maxilliped (fig.  10F) with short, slen-
der, tapering palp without setae. Basal region 
broad, not distinctly separated from the coxal 
region, with median margin provided with 
setulose and slender simple setae. Coxal re-
gion strongly convex with few minutely ser-
rulate setae and 2 large long plumose setae 
medially. Caridean lobe with coarsely setulose 
plumose marginal setae. Flagellum of exopod 
well developed with 4 long plumose distal se-
tae. Epipod bilobed.

Second maxilliped (fig.  11A) with dactylar 
segment narrow, about 3.0 times longer than 
wide, straight medially, densely fringed with 
numerous coarsely serrulate, spiniform, and 
long curled finely serrulate setae medially. 
Propodal segment longer than dactylar seg-
ment twice as long as wide, with distomedial 
margin not produced, with few long serru-
late setae. Carpus short, unarmed. Merual 
segment short, not excavate, without setae. 
Ischium completely fused to basis. Basis with 
long slender exopod about as long as length 
of endopod, with 4 long plumose setae dis-
tally and few shorter plumose seta subdis-
tally. Coxa slightly produced medially, with 
2 long setae medially, small oblong epipod 
laterally.
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Figure 10	 Periclimenes subcorallum sp. nov., ovigerous female paratype (pocl. 1.45 mm), RMNH.CRUS.D.57575.  
A, rostrum and anterior appendages, dorsal view; B, idem, lateral view; C, left mandible; D, left maxil-
lula; E, left maxilla; F, left first maxilliped; G, fourth thoracic sternites and proximal segments of first 
pereiopods. Scale bar: A, B = 1 mm; C–F = 0.2 mm; G = 0.4 mm.
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Third maxilliped (fig.  11B) slender. Termi-
nal segment 3.5 times longer than proximal 
width, 0.57 of length of penultimate segment, 
with rows of short serrulate setae medially 
and longer simple setae ventrolaterally. Penul-
timate segment slender, 4.12 times longer than 
wide with rows of long finely serrulate setae 
medially and ventrolaterally. Ischiomerus and 
basis fused, combined segment 1.50 times as 
long as penultimate segment, 4.78 times as 
long as distal wide; proximomedial margin 
rounded with few simple setae followed by 
row of 5 short serrulate setae, meral part with 
row of long minutely serrulate setae, with 
one subdistal lateral spine. Exopod reaching 
0.8 of combined segment, with 4 distal and 3 
subdistal plumose setae. Coxa not produced 
medially, with rounded lateral plate, without 
arthrobranch.
First pereiopod (fig.  11C) slender, reaching to 
end of scaphocerite. Chela (fig. 11E) with palm 
subcylindrical, straight, 1.6 times longer than 
wide. Fingers as long as palm, straight not 
subspatulate, with brushes of few setae in 
distal part, cutting edges entire, tips of fingers 
hooked. Cleaning setae present proximally on 
palm and distoventral part of carpus. Carpus 
1.3 times length of chela, 5.0 times longer than 
wide. Merus slightly longer than carpus, twice 
length of ischium. Ischium with medial setal 
ridge with few long simple setae. Basis with 
proximomedial setal ridge and distomedial 
small setose process. Coxa with setose medial 
process (fig. 11D).

Second pereiopods (fig.  12A, D), equal in 
length, dissimilar. Major left second pereio-
pod (fig.  12A) extending beyond antennular 
peduncle with chela. Chela with palm subcy-
lindrical, straight, 3.6 times as long as wide. 
Fingers (fig. 12B) 0.41 of palm length. Dactylus 
as wide as fixed finger, fingers gaping in mid-
dle, both with brushes of setae in distal part, 
tips (fig.  12C) strongly hooked. Dactylus with 
cutting edge with one triangular tooth proxi-

mally of gape and one triangular tooth distally 
of gape, cutting edge of gape rounded, that 
between distal tooth and hooked tip acute. 
Fixed finger with three blunt teeth proximal-
ly of gape and one triangular tooth distally 
of gape, cutting edge of gape rounded, that 
between distal tooth and hooked tip acute. 
Carpus gradually increasing in width distally, 
merus and ischium unarmed, their length 
ratios of 0.37, 0.69 and 0.80 times length of 
palm. Basis with few setae medially. Coxa with 
small median setose process. Minor second 
chela (fig.  12D) with fingers 0.8 times length 
of subcylindrical palm, with setal brushes, 
fingers (fig. 12E) distally hooked, cutting edges 
with small triangular tooth in middle, acute 
distally of tooth, rounded proximally. Carpus 
gradually increasing in with distally; merus 
and ischium unarmed, their length ratios of 
0.81, 1.04 and 1.26 times length of palm. Basis 
and coxa as in major chela.

The ambulatory pereiopods (fig. 13A, C, E) 
slender, similar in form, slightly increasing in 
length from third to fifth pereiopod, reaching 
with dactyli to distal margin of scaphocerite. 
Dactylus of third pereiopod (fig.  13B) slen-
der, not tapering, 0.24 of propodus length, 4.1 
times as long as proximal width, with large 
accessory tooth reaching to 0.75 of slightly 
curved unguis length, accessory tooth and un-
guis with same proximal height; flexor mar-
gin of corpus concave with series of 5 small 
denticles. Propodus 12 times longer than wide, 
with two distoventral spines and 2 small ven-
tral spines; distoventral spines with fine den-
ticulation on flexor margin. Carpus, merus 
and ischium 0.50, 1.10 and 0.50 of propodus 
length, unarmed. Fourth (fig. 13C, D) and fifth 
(fig. 13E, F) pereiopods similar as third, fourth 
with 3 ventral teeth, fifth with 1 ventral tooth 
on propodus.

Endopod of first pleopod in ovigerous 
female short (fig.  14D), 0.4 of length of exo-
pod, with long plumose setae along its entire 
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margin. Endopod of first pleopod in male 
(fig.  14E) short, 0.4 times length of exopod, 
distally broadly rounded with median lobe, 
with few long plumose setae along lateral 
margin and about 6 very short simple setae 
in proximal 2/3rd of medial margin. Endopod 
of second pleopod in male (fig.  14F) slightly 
shorter length of exopod. Appendix mascu-
lina long and slender, almost twice as long as 

appendix interna, with five serrate long setae  
distally.

Uropods extending beyond tip of telson. 
Protopodite unarmed laterally. Exopod with 
lateral border almost straight, slightly setose 
in proximal part, terminating in a small disto-
lateral tooth with mobile spine medially, mo-
bile spine twice as long as distolateral tooth 
(fig. 14C).

Figure 11	 Periclimenes subcorallum sp. nov., ovigerous female paratype (pocl. 1.45 mm), RMNH.CRUS.D.57575.  
A, left second maxiliped; B, left third maxilliped; C, left first pereiopod; D, idem, proximal segments; E, 
idem, chela. Scale bar: A, D, E = 0.2 mm; B = 0.4 mm; C = 1 mm.
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About 25 eggs of ca. 0.4mm in diameter pres-
ent under abdomen.

Colouration. Not known.
Etymology. The epithet ‘subcorallum’ refers to 
the observed position of the shrimps in rela-
tion their hosts, underneath corals.

Host records. Heliofungia actiniformis and 
Halomitra pileus (Fungiidae, Scleractinia).

Systematic position. The new species be-
longs to the Periclimenes obscurus species 
group comprising: P. batei (Borradaile, 1917); 
P. burrup Bruce, 2007; P. delagoae Barnard, 

Figure 12	 Periclimenes subcorallum sp. nov., ovigerous female paratype (pocl. 1.45 mm), RMNH.CRUS.D.57575. 
A, left major second pereiopod; B, idem fingers of chela; C, idem, tip of fingers, setae omitted; D, right 
minor second pereiopod; E, idem, fingers of chela. Scale bar: A, D = 1 mm; B, E = 0.2 mm; C = 0.07 mm.
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Figure 13	 Periclimenes subcorallum sp. nov., ovigerous female paratype (pocl. 1.45 mm), RMNH.CRUS.D.57575. 
A, left third pereiopod; B, idem, dactylus; C, left fourth pereiopod; D, idem, dactylus; E, left fifth pereio-
pod; F, idem, dactylus. Scale bar: A, C, E = 1 mm; B, D, F = 0.07 mm.
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1958; P. hongkongensis Bruce, 1969; P. incertus 
Borradaile, 1915; P. macrorhynchia Eilbracht & 
Fransen, 2015; P. nomadophila Berggren, 1994; 
P. obscurus Kemp, 1922; P. sinensis Bruce, 1969; 
P. terangeri Bruce, 1998; P. toloensis Bruce, 
1969; P. zevinae Ďuriš, 1990 (Bruce, 1969, 1987, 
2007; Ďuriš, 1990; Berggren, 1994; Eilbracht 
& Fransen, 2015). Species in the group have 
a well-developed, horizontal rostrum with a 
moderately deep lamina bearing numerous 
dorsal teeth and 0 to 2 ventral teeth; the an-
tennal spine is well developed, a supraorbital 
spine is absent, the epigastric spine is pres-
ent or absent; the inferior orbital angle is fee-
bly produced; the fourth thoracic sternite is 
without a slender median process; the third 

abdominal segment is not conspicuously pro-
duced posterodorsally; the first pereiopods 
have simple or ‘nail-like’ fingers and a more or 
less developed setose distoventral process on 
the coxa; the second pereiopods are slender, 
unspecialized, carpus more than one third of 
length of palm, merus unarmed; dactylus of 
ambulatory pereiopods usually biunguicu-
late. The delimitation of the group is rather 
vague and seems to overlap with species from 
the P. diversipes and P. granulimanus species 
groups.

The new species is most similar to P. in-
certus Borradaile, 1915 and P. zevinae Ďuriš, 
1990. Both species share the denticulate ven-
tral margin of the corpus of the ambulatory  

Figure 14	 Periclimenes subcorallum sp. nov., ovigerous female paratype (pocl. 1.45 mm), RMNH.CRUS.D.57575. 
A, telson; B, idem, detail distal part; C, distolateral part of uropod exopod; D, right first pleiopod. Male 
paratype (pocl. 1.35 mm), RMNH.CRUS.D.57575. E, right first pleiopod; F, right second pleopod. Scale 
bar: A, C, E = 0.4 mm; B = 0.07 mm; D, F = 0.2 mm.
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pereiopods with the new species. These three 
species also have the accessory tooth of the 
dactyli of the ambulatory pereiopods as stout 
as or stouter than the unguis, and almost as 
long as the unguis, whereas most other spe-
cies in the P. obscurus species group have the 
accessory tooth less stout than the unguis and 
half the length of the unguis or less, or are 
without accessory tooth.

The characteristic gape in the chela of 
the major second pereiopod in P. incertus 
(fig.  16A, B) is also present in the new spe-
cies. Periclimenes incertus is the only species 
in the P. obscurus species group associated 
with sponges. The original description by Bor-
radaile (1915) is brief. Kemp (1922) described 
Periclimens impar based on a single ovigerous 
female collected from a sponge at Port Blair, 
Andaman Islands. Holthuis (1952) showed 
that the difference used by Kemp to separate 
P. impar from P. incertus is not correct and 
suggested that P. impar might by a junior syn-
onym of P. incertus. Kemp (1922) separated P. 
incertus from P. impar by the fact that in P. im-
par at least one tooth of the dorsal series of 
the rostrum is placed on the carapace, while 
in P. incertus all teeth are situated on the ros-
trum proper. This does not hold as the type 
specimen figured by Borradaile (1917: pl. 53, 
fig. 7) shows a distinct tooth on the carapace. 
Holthuis (1959) was able to confirm this when 
he reexamined the type material of P. incertus 
in the collection of the University Museum 
of Zoology in Cambridge and synonymized 
P. impar with P. incertus. Specimens collect-
ed from a sponge host at Semporna, Sabah, 
Malaysia (figs. 8C, D, 15–17) and identified as  
P. incertus on the bases of the description by 
Kemp of P. impar were used for morphological 
and molecular comparisons. The specimens 
(fig. 8C, D) fit the colour description provided 
by Kemp (1922: 149): ‘The specimen was found 
on a sponge of pinkish colour and was trans-
parent when alive with reddish patches on the 

abdominal pleura’ and Bruce (1980: 13): ‘Highly 
transparent, with fine paired red striae along 
the lower branchiostegite and abdomen.’

The new species differs morphologically 
from P. incertus (figs.  15–17) in: 1) having the 
ventral margin of the rostrum slightly con-
vex (fig. 10B) while it is straight in P. incertus 
(Fig. 15B); 2) in processing one subdistal tooth 
on the ventral lamina on the rostrum (fig. 10B) 
whereas P. incertus has one or two teeth there 
(fig. 15B); 3) in having the proximalmost tooth 
on the rostrum situated at the level of the orbit 
(fig. 10A), whereas in P. incertus it is demarcat-
ed from the dorsal carine, and situated behind 
the orbit on the carapace proper, at the level 
of the hepatic spine (fig. 15A); 4) in having the 
setal ridges on the basis and ischium of the 
first pereiopod moderately developed with 
few long simple setae (figs. 10G, 11C), whereas 
in P. incertus these ridges (fig.  15C, E, F) are 
more pronounced with more long simple se-
tae; 5) in having the medial process on the 
coxa with few simple setae (fig. 10G), whereas 
in P. incertus this medial process (fig. 15E) has 
apart from the simple setae a very long robust 
seta overreaching the basis; 6) in having the 
fingers of the chela of the first pereiopod as 
long as the palm (fig.  10E), whereas in P. in-
certus the palm is distinctly longer than the 
fingers (fig.  15D); 7) in having the proximal 
cutting edge of the fingers of the chela of 
the second minor cheliped entire (fig.  12A), 
whereas in P. incertus small tubercles are pres-
ent there (fig. 16D); 8) in having the fourth tho-
racic sternite with a medially notched median 
plate between the first pereiopods (fig.  10G), 
whereas this is not notched in P. incertus 
(fig.  15F); 9) in having the accessory tooth of 
the dactyli of the ambulatory pereiopods as 
robust as the unguis and slightly falling short 
of the unguis in length (fig. 13B, D, F), whereas 
in P. incertus the accessory tooth is more ro-
bust than the unguis and as long as the unguis  
(fig. 17A, B).
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Figure 15	 Periclimenes incertus Borradaile, 1915, ovigerous female, RMNH.CRUS.D.53946. A, rostrum and 
anterior appendages, dorsal view; B, idem, lateral view; C, left first pereiopod; D, idem, chela; E, idem, 
proximal segments; F, fourth thoracic sternites and proximal segments of first pereiopods. Scale bar:  
A–C = 1 mm; D–E = 0.2 mm; F = 0.4 mm.
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Figure 16	 Periclimenes incertus Borradaile, 1915, ovigerous female, RMNH.CRUS.D.53946. A, left major second 
pereiopod; B, idem, chela; C, right minor second pereiopod; D, idem, chela. Scale bar: A, C = 1 mm;  
B, D = 0.2 mm.
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The other closely related species is the 
black-coral-associated Periclimenes zevinae 
Ďuriš, 1990. P. zevinae was described on the 
basis of a single female from the Maldives. As 
Ďuriš (1990) suspects, the specimen is not an 
adult, which makes comparison with adult 
features of the other members of the species 
group difficult. However, this species is simi-
lar to the new species in many respects. With 
P. incertus and the new species it shares the 
ventrally denticulate ambulatory dactyli, a 
unique character within the P. obscurus group, 
as well as the robust accessory tooth of the 
ambulatory pereiopods. P. zevinae however, 
has the tips of the fingers of the chela of the 
first pereiopods flattened, ‘nail-like’. P. zevinae 
is the only species in the P. obscurus group 
with this character. P. subcorallum sp. nov. has 
the fingers not flattened, nor ‘nail-like’.

Fransen (1994) recorded specimens from 
the Seychelles with ventrally denticulate  
ambulatory dactyli which he thought to be 

possibly conspecific with P. zevinae Ďuriš, 1990 
as these specimens possess the ‘nail-like’ tips 
on the fingers of the first pereiopods. These 
specimens are full grown and show some dif-
ferences in the dentition of the rostrum and 
ornamentation of the chela of the second 
pereiopods compared with the subadult holo-
type of P. zevinae. With regards to the second 
pereiopods these specimens show the same 
features as the P. subcorallum sp. nov. The ros-
trum however differs as an epigastal tooth is 
present which was not observed in P. subcoral-
lum sp. nov.

4	 Discussion

Three shrimp species of Periclimenes were 
found to live in association with mushroom 
corals of which one is new to science. Hoek-
sema et al. (2012) recorded 40 associations 
between mushroom corals and shrimp. This 

Figure 17	 Periclimenes incertus Borradaile, 1915, ovigerous female, RMNH.CRUS.D.53946. A, left third pereiopod; 
B, idem dactylus. Scale bar: A = 1 mm; B = 0.2 mm.
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study adds another 15 different pairs of shrimp 
and host coral species.

Although various species of scleractinians 
have been recorded as hosts for palaemonid 
shrimps, most mushroom coral species (about 
80%) are different from other scleractinians 
because they are initially attached (Hoeksema 
& Yeemin, 2012) but free-living when they are 
full-grown (Hoeksema, 1989; Gittenberger 
et al., 2011; Benzoni et al., 2012). This implies 
that they can offer space to associated fauna 
underneath the corals, as seen in some gastro-
pods (Gittenberger & Hoeksema, 2013), sessile 
ctenophores (Hoeksema et al., 2013b; Alamaru 
et al., 2016), brittle stars (Bos & Hoeksema, 
2017), and shrimps (Hoeksema & Fransen, 2011; 
present study). Even large corallivorous snails 
can use the space underneath mushroom cor-
als to hide themselves during daylight (Hoek-
sema et al., 2013a) and use this same space also 
to lay their eggs (Scott et al., 2017).

It is obvious that mushroom coral species 
with a large maximum size offer more shelter 
space than smaller species, while they usu-
ally also get a more convex growth form with 
additional room underneath (Hoeksema & 
Moka, 1989; Hoeksema, 1991, 1993). Among 
the host species recorded, none belong to 
the mushroom coral genus Cycloseris, which 
are usually relatively small with a smooth or 
flat underside or encrusting, offering little 
shelter space (Benzoni et al., 2012; Hoeksema, 
2014). Corals of free-living Cycloseris species 
usually occur on soft substrates causing the 
risk of burial (Schuhmacher, 1977; Bongaerts 
et  al., 2012), they may be able to fragment 
themselves (Hoeksema & Waheed, 2011, 2012) 
and move around (Hoeksema et al., 2012, 2018, 
2019a, b), which is not a stable environment 
for shrimps and other animals that need to 
hide themselves underneath (Gittenberger & 
Hoeksema, 2013).

It is noteworthy that five small shrimp spe-
cies of the genus Periclimenes show much 
overlap in their host choice (table 3) and that 

these hosts belong to various coral genera that 
form a polyphyletic group within the fam-
ily Fungiidae (Gittenberger et al., 2011). This 
indicates that host specificity among these 
shrimp species is predominantly determined 
at a high taxonomic level, as also seen in some 
other crustaceans, like gall crabs (Van der Meij 
et al., 2015) and copepods (Ivanenko et al.,  
2018).
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